
1

Genome annotation:
Bioinformatics for high-
throughput genomics and beyond

Frank Larimer
Oak Ridge National Laboratory

9th DOE Contractor and Grantee Workshop
Oakland, CA, 28 January 2002



2

• Microbial- JGI & public finished genomes (~80)- JGI & Collaborative draft genomes (~25)

• Human- Finished NT sequences- Draft Genbank entries- Draft Human Genome Builds-JGI chromosomes - 5 - 16 - 19

• Mouse and model organisms- Finished mouse clones / NTs- Mouse draft as available- JGI model organisms

Comparative Genomics Resource
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• GRAIL EXP eukaryotic genome analysis
• Microbial Analysis Generation, Critica, Glimmer
• HPC Blast, Pfam, InterPro & other Tools

• Genome Analysis Pipeline human and microbial
• PROSPECT protein structure prediction server
• SRS, GDB, Swissprot, HOBACGEN database servers
• Genome Channel / Catalog eukaryotic and microbial genomes / draft 

chromosomes

Community Tools and Services
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Web access to annotation
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Web access to annotation
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Web access to annotation
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Web access to annotation
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Web access to annotation
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Web-accessible Analysis Pipeline
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The High-performance Computing Environment
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• Hardware:
− Eagle:IBM SP3 184 nodes (736 Power 3+ cpus), ~1 Tflops
− Falcon:Compaq 64 nodes (256 Alpha cpus), ~300 Gflops
− Colt  :Compaq 16 nodes (64 Alpha cpus), ~100 Gflops
− Htorc : Intel/Linux 64 nodes (128 Pentium III cpus) 

• Storage:
− HPSS  (High Performance                                         Storage 

System),
− up to 100TBytes.

• Applications:
− GIST (Genome Integrated Supercomputing Toolkit) , includes MPP NCBI 

BLAST, MPP HmmerPfam, GrailEXP, PROSPECT, InterPro, genome 
assembly

Infrastructure Detail
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JGI Microbial Sequencing
• Final annotation:

− Prochlorococcus marinus MED4
− Rhodopseudomonas palustris
− Synechococcus WH8102
− Prochlorococcus marinus MIT9313
− Nitrosomonas europaea

• Drafted, finishing:
− Nostoc punctiforme - 198 contigs
− Cytophaga hutchinsonii - 98 contigs

• Microbe Month: 15 species sequenced to deep draft (6-8x 
coverage)

• Draft output
− ~93 million bp analyzed
− ~85,000 gene models

• Microbe drafting ongoing in 2002...
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Web presentation
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Web presentation
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Web presentation
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Web presentation
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Web presentation
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Perspective has shifted 
from genes to genomes



19

Perspective has shifted 
from genes to genomes
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Perspective has shifted 
from genes to genomes
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Perspective has shifted 
from genes to genomes
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Perspective has shifted 
from genes to genomes
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Comparative genomics
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Comparative Genomics:
Global alignment

P. marinus MED4

P. marinus MIT9313

Synechococcus WH8102
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R. palustris

R. palustris

N. europaea

Unified operon

NADH-ubiquinone oxidoreductase
operon organization
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P. marinus MED4

P. marinus MIT9313

Synechococcus WH8102

P. marinus MED4

P. marinus MIT9313

Synechococcus WH8102

Dispersed operons

NADH-ubiquinone oxidoreductase
operon organization
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Differing organization of RuBisCO operons

N. europaea

R. palustris

R. palustris
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Differing organization of RuBisCO operons

P. marinus MIT9313

Synechococcus WH8102

P. marinus MED4



Phycoerythrin and phycocyanin gene clusters

MED4

MIT9313

WH8102
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Futures

• High-throughput microbial genomics
• White rot fungus
• Finished human chr5, 16, and 19
• Poplar
• Comparative genomics

− genome evolution
− operons, regulons, and control networks
− proteomics
− community perspective - “genomes of ecosystems”
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GrailEXP development for 
annotation of the white rot genome

• A set of ~1300 white rot ESTs and mRNAs was aligned with the 
genomic sequence using GrailEXP

• Using the information from these ESTs, splice site scoring 
systems were constructed.

• GrailEXP was run on the genomic sequence using the custom 
white rot splice site scoring system and revised rules for intron
sizes (rewarding introns close to the preferred size of ~50 bases).

• Iterative runs, with retraining, incorporating (prototype) protein 
alignment and heterologous ESTs
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Gene modeling: white rot

Dynein: large exons

S11: small exons
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GrailEXP developemnt

• Training of GrailEXP on new genomes
• Streamlining and automation of the training process
• Recognition of more forms of alternative 
• splicing
• Addition of protein homology to the system
• Addition of a TBLASTX-based approach for utilizing other 

genomic sequences, I.e. Fugu alignments to locate human 
genes

• Improvement of user interfaces (JAVA/HTML)
• Support for the DAS (Distributed Annotation System) 

protocol
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Analysis tools in action
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Analysis tools in action
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Analysis tools in action
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Analysis tools in action
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Analysis tools in action
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Organization of Phycoerythrin (cpe) and Phycocyanin (cpc) 
Clusters

• P. marinus MED4
− cpeB only

• P. marinus MIT9313
− cpeA cpeB, seven others in conserved cluster

• Synechococcus
− long cpeA cpeB cluster, multiple AB sets, inverted 

repeat, plus 13 others 

• Nostoc
− 3 sets of cpcB cpcA clusters

• Synechocystis
− 1 cpcA cpcB, 1 apcA apcB, solo apcB
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kaiABC clock operon

MED

MIT

SYN


